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COVID-19 Outcomes Among US Military Health System
Beneficiaries Include Complications Across Multiple
Organ Systems and Substantial Functional Impairment
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Background. We evaluated clinical outcomes, functional burden, and complications 1 month after coronavirus disease 2019
(COVID-19) infection in a prospective US Military Health System (MHS) cohort of active duty, retiree, and dependent populations
using serial patient-reported outcome surveys and electronic medical record (EMR) review.

Methods. MHS beneficiaries presenting at 9 sites across the United States with a positive severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) test,a COVID-19-like illness, or a high-risk SARS-CoV-2 exposure were eligible for enrollment. Medical
history and clinical outcomes were collected through structured interviews and International Classification of Diseases-based EMR
review. Risk factors associated with hospitalization were determined by multivariate logistic regression.

Results. A total of 1202 participants were enrolled. There were 1070 laboratory-confirmed SARS-CoV-2 cases and 132 SARS-
CoV-2-negative participants. In the first month post-symptom onset among the SARS-CoV-2-positive cases, there were 212 hospi-
talizations, 80% requiring oxygen, 20 ICU admissions, and 10 deaths. Risk factors for COVID-19-associated hospitalization included
race (increased for Asian, Black, and Hispanic compared with non-Hispanic White), age (age 45-64 and 65+ compared with <45),
and obesity (BMI 230 compared with BMI <30). Over 2% of survey respondents reported the need for supplemental oxygen, and
31% had not returned to normal daily activities at 1 month post-symptom onset.

Conclusions. Older age, reporting Asian, Black, or Hispanic race/ethnicity, and obesity are associated with SARS-CoV-2 hos-
pitalization. A proportion of acute SARS-CoV-2 infections require long-term oxygen therapy; the impact of SARS-CoV-2 infection
on short-term functional status was substantial. A significant number of MHS beneficiaries had not yet returned to normal activities
by 1 month.
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The clinical manifestations of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection range from
mild, self-limited respiratory illness [1-3] to hospitalization
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with multi-organ involvement and death [4-6]. Observational
studies often use hospitalization as a measure of SARS-CoV-2
infection severity and lack longer-term follow-up beyond acute
presentations, including nonpulmonary complications. This is
a limited measure of the burden of coronavirus disease 2019
(COVID-19), especially in younger populations.

The EPICC study is an adaptive observational cohort study
of the epidemiology, immunology, and clinical characteristics
of pandemic infectious diseases among adult and pediatric
Military Health System (MHS) beneficiaries, including US
military active duty service members, retirees, and their
family members. Here we describe a multisite prospective co-
hort within the MHS to identify the clinical outcomes, func-
tional outcomes, complications, and correlates of COVID-19
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severity in active duty, retiree, and dependent populations
through 1 month postinfection. The geographically distrib-
uted, centralized US military health care system affords a
unique opportunity for the evaluation of sociodemographic
characteristics, comorbidities, and clinical practice patterns
associated with COVID-19, as well as incidence of longer-
term sequelae, relatively unconfounded by issues related to
access to care.

Through the comprehensive capture of MHS beneficiaries
diagnosed with COVID-19, EPICC was designed to inform
the development and evaluation of clinical practice policies,
diagnostic tools, and strategies for the treatment and preven-
tion of COVID-19. In this manuscript, we describe (i) fac-
tors associated with severe COVID-19, (ii) pulmonary and
extrapulmonary complications of infections, and (iii) the func-
tional impact of SARS-CoV-2 infection among EPICC enrollees.
In addition, the parallel enrollment of those testing negative for
SARS-CoV-2 enabled us to describe severity correlates unique
to SARS-CoV-2 infection vs other respiratory infections.

METHODS

Population and Setting

Participants were enrolled at 10 military treatment facilities
(MTFs) in the United States (Supplementary Figure 1); data
are reported from the 9 MTFs (Brooke Army Medical Center,
Darnall Army Medical Center, Fort Belvoir Community
Hospital, Madigan Army Medical Center, Naval Medical Center
Portsmouth, Naval Medical Center San Diego, Tripler Army
Medical Center, Walter Reed National Military Medical Center,
and William Beaumont Army Medical Center) with enroll-
ments from March 20 through December 31, 2020.

Eligible participants either (a) presented with a positive
SARS-CoV-2 test, (b) presented with a COVID-19-like illness,
or (c¢) had a high-risk SARS-CoV-2 exposure. Recruitment
at MTFs is accomplished through advertising and provider
contact, as well as review of inpatient rosters and daily SARS-
CoV-2 testing/positive lists under an approved partial Health
Insurance Portability and Accountability Act (HIPAA)
waiver. Among those approached, 33% agreed to participate
in the study. Participants were compensated for filling out
surveys and providing samples. Following consent, demo-
graphic, comorbidity, and illness data are collected from all
subjects, either through structured in-person interviews and
a review of the participant’s electronic medical record (EMR)
or using participant completed surveys, which were imple-
mented in November 2020 (visit schedule in Supplementary
Table 1). In terms of demographics, “other” race refers to par-
ticipants who either reported multiple races or who reported
being Native American or marked “other” A patient-reported
outcome survey (FLU-PRO [7]), with 2 additional questions
about loss of sense of smell and taste (FLU-PRO plus), was

used to collect information about symptom severity for 14
days.

Patient Consent

The EPICC cohort study was conducted in accordance with
the Declaration of Helsinki and good clinical practice guide-
lines. Written or verbal informed consent was provided
by all study participants. This study was approved by the
Uniformed Services University Institutional Review Board
(IDCRP-085).

Biospecimen Collection

Study personnel obtained respiratory (eg, nasal, throat, and/
or oral swab) and venous blood specimens for virologic and
immunologic outcomes, respectively, according to the study
schedule (Supplementary Table 1). Since July 2020, participants
were also offered the option for at-home self-collection of nasal
swabs and blood (Mitra kit; Neoteryx LLC, Torrance, CA, USA)
at select time points to allow for collection of specimens while
in isolation and return of specimens to the study team using
prepaid, pre-addressed mailers.

Quantitative Polymerase Chain Reaction Assay

In addition to a baseline clinical polymerase chain reaction
(PCR) test, quantitative PCR (qPCR) was performed on research
specimens (specimen and time point as per Supplementary
Table 1). Briefly, we utilized the SARS-CoV-2 (2019-nCoV)
Centers for Disease Control and Prevention (CDC) qPCR Probe
Assay research use-only kits (Cat. #10006770) manufactured by
Integrated DNA Technologies, Inc. (Coralville, IA, USA), and
consistent with the most recent revision of the Emergency Use
Authorization (EUA) issued to the CDC on December 1, 2020
[8]. The assay targeted 2 regions of the nucleocapsid (N) gene
with an additional primer/probe set to detect the RNase P gene
(RP) in specimens. Additionally, target-specific viral loads of
each specimen were calculated from plate-specific standard
curves using 3 dilutions of known SARS-CoV-2 gene copy
numbers.

SARS-CoV-2 Infection Definition

Participants were identified as SARS-CoV-2-positive based on
at least 1 of the following measures: (1) positive clinical SARS-
CoV-2 PCR test identified in the subject's EMR between a range
of 7 days before symptom onset if symptomatic, or enrollment
in asymptomatic cases, and 21 days post-symptom onset, or (2)
positive follow-up research SARS-CoV-2 qPCR test within 17
days post-symptom onset (day 14 viral sample +3-day com-
pliance window). SARS-CoV-2-negative participants had only
negative tests in the EMR and research records. Individuals who
tested positive outside of the predefined windows were dropped
from this analysis.
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Severity Classification

All data collected for the participants were reviewed to deter-
mine the maximum severity of their illness in the first month
post-symptom onset. Participants were deemed asymptomatic
if they did not have symptoms reported in the surveys or FLU-
PRO plus and did not have a symptom onset date or symptoms
recorded in the staff-collected forms. Outpatients with limited
activity were identified if they reported that they missed work
or were unable to do daily activities because of their symp-
toms on a survey, or if they reported interference with usual
activities on the FLU-PRO plus survey. Hospitalization was
considered a severity outcome in SARS-CoV-2-positive par-
ticipants only if the hospitalization was related to their SARS-
CoV-2 infection (eg, if they were hospitalized for a traumatic
musculoskeletal injury and during that hospitalization they
were found to be SARS-CoV-2 positive, they did not count
as hospitalized for their maximum severity). Type of ox-
ygen treatment was used to further categorize hospitalization
severity.

Surveys

Surveys collecting information on functional outcomes (such
as time off work, time with symptoms, or home oxygen treat-
ments) were implemented in EPICC in November 2020;
therefore, individuals enrolled before November did not have
enrollment surveys and were sent “catch-up” surveys to obtain
this information. For the comparison of functional outcomes,
individuals were required to have either an enrollment and a
follow-up survey or a catch-up survey. If an individual reported
symptoms >28 days after symptom onset, they were categorized
as having ongoing symptoms; those with resolution within 28
days were considered resolved.

Medical Encounter Information

Study personnel reviewed the medical records for hospitalized
participants and recorded details about their hospitalizations
such as oxygen requirement. In addition, health record data
were extracted from the central MHS database for all parti-
cipants, including laboratory test results and International
Classification of Diseases, Tenth Revision (ICD-10), codes re-
sulting from health care encounters. ICD-10 diagnoses were
categorized into 8 major diagnosis categories (cardiovascular,
endocrine, liver, mental health, neurology, pulmonology,
renal, and other) and 35 subcategories (ICD-10 codes detailed
in Supplementary Table 2). Diagnoses were classified as new
if they were recorded in participants after symptom onset (or
after enrollment if no onset date was identified) but not iden-
tified previously in the medical record during the preceding
12 months. Participants were excluded from this part of the
analysis if they did not have a full year of MHS data before
symptom onset (or enrollment). The MHS database was also
used to ascertain death.

Statistical Analyses

Statistical analyses were performed in R, version 4.0 (R Core
Team). Age was categorized into 4 groups, <18, 18-44, 45-64,
and 265 years; following initial description of characteristics
and testing, children <18 years were excluded from the ana-
lyses because of limited numbers (n = 36). Multivariate logistic
regression models were used to compare the odds of hospital-
ization by demographic characteristics and comorbidities, con-
trolling for possible heterogeneity by study site. As a means of
variable selection, univariable models were initially run for each
comorbidity; those comorbidities with a P value <.15 were then
tested in a multivariable model that included sex, race, and age,
and those comorbidities that improved the Akaike Information
Criterion were retained in the final model. The model was de-
veloped in the SARS-CoV-2-positive participants, and the same
model was then run in the SARS-CoV-2-negative participants.

RESULTS

SARS-CoV-2 Infection Outcomes in MHS Beneficiaries Include
Hospitalization and ICU Admission

We restricted this analysis to the first 1202 participants with
known SARS-CoV-2 infection status enrolled from 9 sites
(Table 1). The largest groups of participants were 18-44 years
of age and were male, active duty, and/or White. Participants
who reported symptom onset dates were enrolled a me-
dian of 10 days after onset of symptoms, due in part to re-
striction at MTFs of in-person visits for COVID-19 patients.
Among the 1070 SARS-CoV-2-positive subjects, there were
212 (20%) hospitalizations, 20 (2%) ICU admissions, and 10
(0.9%) deaths in the first month post-symptom onset. The
most common cause of death was acute respiratory distress
syndrome (5/10, 50%) followed by cardiac arrest (2/10, 20%).
No specific cause of death (other than COVID-19) was avail-
able for 3 SARS-CoV-2-positive participants. Among the 132
SARS-CoV-2-negative subjects, there were 30 (23%) hospi-
talizations, 2 (2%) ICU admissions, and 1 death during the
period of observation. One hundred six (80%) of the SARS-
CoV-2-negative participants sought health care in the month
after their reported symptom onset, and the most common
diagnoses were hypertension (25%), pneumonia (from un-
specified organism; 13%), and anxiety (12%) (details in
Supplementary Table 3), and there are no recorded positive
tests for SARS-CoV-2 or any other respiratory viruses in the
medical health records for the negative participants. Sixty-
seven participants (62 of whom were SARS-CoV-2 positive
and 5 of whom never tested positive) had their first dose of
SARS-CoV-2 vaccine in December 2020.

Surveys were completed by 572 (48%) participants, in which
they reported the functional outcomes of their illness (Table
2). Overall, 76% of the participants who filled out the surveys
missed work or were unable to participate in their daily activ-
ities in the first month post-symptom onset, and 30% of those
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Table 1. Characteristics of Participants Enrolled in the EPICC MTF Cohort Study

Inpatient, SARS-CoV-2
Negative (n = 30), No. (%)

Inpatient, SARS-CoV-2
Positive (n = 212), No. (%)

Outpatient, SARS-CoV-2
Negative (n = 102), No. (%)

Outpatient, SARS-CoV-2
Positive (n = 858), No. (%)

Age group

<18y 1(3.3) 2(0.9) 9(8.8) 23(2.7)

18-44y 9(30.0) 43 (20.3) 56 (54.9) 593 (69.1)

45-64 y 14 (46.7) 104 (49.1) 27 (26.5) 193 (22.5)

65+ y 6 (20.0) 63 (29.7) 10 (9.8) 49 (5.7)
Male 17 (56.7) 142 (67.0) 47 (46.1) 530 (61.8)
Race/ethnicity

Asian/Native Ha- 2(6.7) 9(9.0) 2 (2.0) 39 (4.5)

waiian

Black 5(16.7) 4(20.8) 18 (17.6) 130 (15.2)

Hispanic 2(6.7) 3(29.7) 21 (20.6) 229 (26.7)

Other 2(6.7) 2(5.7) 7 (6.9) 55 (6.4)

White 19 (63.3) 74 (34.9) 54 (52.9) 405 (47.2)
Military status

Active duty 6 (20.0) 38 (179) 35 (34.3) 492 (57.3)

Dependent 14 (46.7) 61 (28.8) 43 (42.2) 226 (26.3)

Retired military 10 (33.3) 113 (63.3) 24 (23.5) 140 (16.3)
DoD affiliation

Air Force 8(26.7) 58 (27.4) 2 (21.6) 110 (12.8)

Army 9(30.0) 69 (32.5) 1(40.2) 375 (43.7)

Coast Guard 0(0.0) 2 (0.9 0(0.0 14 (1.6)

Marines 4(13.3) 17 (8.0) 7 (6.9) 63 (7.3)

Navy 9(30.0) 62 (29.2) 29 (28.4) 275 (32.1)

Other® 0(0.0) 4(1.9) 3(2.9) 21(2.4)
Days from symptom

onset to enroliment

Median (Q1, Q3) 70 (4.0, 12.5) 10.5 (8.0, 15.0) 5.0 (2.0, 18.0) 11.0 (6.0, 17.0)

No. 30 212 88 838
Maximum severity

Asymptomatic 0(0.0) 0(0.0) 13 (12.7) 17 (2.0)

Outpatient 0(0.0) 0(0.0) 47 (46.1) 308 (35.9)

Outpatient, limited 0(0.0) 0(0.0) 42 (41.2) 533 (62.1)

activity

Hospitalized, no O, 14 (46.7) 42 (19.8) 0(0.0) 0(0.0)

Hospitalized, con- 10 (33.3) 91 (42.9) 0 (0.0 0(0.0)

ventional O,

Hospitalized, high- 5(16.7) 50 (23.6) 0(0.0) 0(0.0)

flow O,

Hospitalized, inva- 0(0.0) 19 (9.0) 0 (0.0 0(0.0)

sive O,

Death 1(3.3) 0(4.7) 0(0.0) 0(0.0)

Abbreviations: DoD, Department of Defense; EPICC, observational cohort study of the epidemiology, immunology, and clinical characteristics of pandemic infectious diseases; MTF, military

treatment facility; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

“Other DoD affiliation includes National Guard, National Oceanic and Atmospheric Administration, US Public Health Service, and missing affiliations.

who reported missing work had not yet returned to work or
their normal daily activities within the first month. Among
those who reported an impact on their ability to work or com-
plete normal activities, the median time reported off work was
2 weeks. A new requirement for oxygen therapy within 1 month
post-symptom onset was reported by 3% of the participants.
Survey data were also collected on duration of symptoms; more
than half reported recovering from symptoms within 28 days,
with a median time to recovery (interquartile range) of 10
(5-14) days.

Age, Race, Obesity, and Chronic Pulmonary Disease Are Associated With
Hospitalization Risk

Overall, less than half (46%) of participants reported a pre-
existing comorbidity; however, among SARS-CoV-2-positive
inpatients, 78% had at least 1 comorbidity, and 56% had mul-
tiple comorbidities (Supplementary Table 4), with hyperten-
sion (47%), obesity (38%), and diabetes mellitus (30%) being
the most frequently reported. Adjusted odds of hospitaliza-
tion among SARS-CoV-2-negative participants were not sta-
tistically significantly different by sex, race, or obesity status
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Table 2. Functional Outcomes Reported by SARS-CoV-2-Positive Participants®

at 28 Days Post-Symptom Onset/Enroliment

In, + (n = 106) Out, + (n = 466) Total (n = 572)
New requirement for O, No. (%) 15 (14.2) 2(0.4) 17 (3.0)
Missed work or unable to do daily activities, No. (%) 85 (80.2) 351 (75.3) 436 (76.2)
Returned to activities/duty, No. (%) 36 (34.0) 268 (57.5) 304 (53.1)
Days unable to conduct activities/return to duty
Median (Q1, Q3) 15.5(10.0, 21.0) 14.0 (10.0, 14.0) 14.0 (10.0, 15.0)
No. 36 268 304
Symptom category, No. (%)
Recovered (<29 d) 50 (47.2) 277 (59.4) 327 (67.2)
Ongoing symptoms 51 (48.1) 142 (30.5) 193 (33.7)
Missing information 5(4.7) 47 (10.1) 52 (9.1)
Time to recovery®
Median (Q1, Q3) 11.0 (70, 18.0) 9.0 (5.0, 14.0) 10.0 (5.0, 14.0)
No. 50 277 327

Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
®Participants filled out a combination of enrollment, catch-up, and/or follow-up surveys.
®Among those who reported that they had recovered.

(Figure 1). However, among SARS-CoV-2-positive partici-
pants, those who reported being Asian/Native Hawaiian (aOR,
6.3; 95% CI, 2.9-13.5), Black (aOR, 2.0; 95% CI, 1.2-3.3), or
Hispanic (aOR, 1.9; 95% CI, 1.1-3.0) had higher odds of hos-
pitalization than non-Hispanic White participants. Obese
subjects, defined as BMI 230.0 (aOR, 3.1; 95% CI, 2.0-4.9),
had higher odds of hospitalization compared with nonobese
subjects. Older age (both 45-64 and 265 compared with <45)
was associated with hospitalization in SARS-CoV-2-positive
individuals (aOR45_64year5, 5.9;95% CI, 3.8-9.3; a0R, ;. »13.1;
95% CI, 7.4-23.1), but was only statistically significantly as-
sociated with hospitalization in the 45-64-year-old age group
in SARS-CoV-2-negative participants (aOR, 4.8; 95% CI,

1.3-17.4). Chronic pulmonary disease was associated with
higher odds of hospitalization in both SARS-CoV-2-positive
and -negative participants. Other comorbidities were tested
individually (eg, hypertension, asthma, diabetes) but were not
found to significantly contribute to the model fit and were
therefore dropped. Odds of hospitalization were similar in

men and women.

Acute Complications of COVID-19 Include a Spectrum of Pulmonary and
Extrapulmonary Organ Impairment

New diagnoses in the 30 days post-symptom onset period (or
30 days postenrollment) by organ system are described in Table
3, and all diagnoses resulting from health care encounters are

Chronic pulmonary disease 1 . |[|_°_| I
1
1
Obesity 1 |_;_3J:[|
1
Age: 65+ 1 |_;_e_[:||
, e P <.05
Age: 45-64 1 ' |_|:|_| oP >.05
Race: Other{ | E_e_ﬂ
1
Race: Asian/native Hawaiian 4 | : f—— ! —s— SARS-CoV-2 positive
Race: Hispanic | III__,.|_| —== SARS-CoV-2 negative
1
Race: Black 4 |_e_:|__"r|
1
Male 1 E e !
0.1 0.5 1.0 10.0 100.0
Odds ratio

Figure 1. Odds of hospitalization associated with risk factors in a multivariate logistic

model, run separately for SARS-CoV-2-positive and -negative participants. To

adjust for possible heterogeneity across by site, study site (military treatment facility covariate) was included in the model. Odds ratios were adjusted for the covariates
shown in the figure plus study site. Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Table 3. New Diagnoses Identified in Participants Through Their Medical Records Within 30 Days Post-Symptom Onset (or Enroliment if No Symptom

Onset Date Was ldentified)

Inpatient, SARS-CoV-2
Negative (n = 30), No. (%)

Inpatient, SARS-CoV-2
Positive (n = 212), No. (%)

Outpatient, SARS-CoV-2
Negative (n = 88), No. (%)

Outpatient, SARS-CoV-2
Positive (n = 838), No. (%)

Pulmonary
Viral pneumonia 4(13.3) 148 (69.8) 2(2.3) 23(2.7)
Unspecified pneumonia 9 (30.0) 53 (25.0) 3(3.4) 14 (1.7)
ARDS 0(0.0) 19 (9.0) 0(0.0) 0(0.0)
Bacterial pneumonia 2(6.7) 14 (6.6) 0(0.0) 0(0.0)
Asthma 5(16.7) 5(2.4) 0(0.0) 3(0.4)
Obstructive lung disease 1(3.3) 5(2.4) 1(1.1) 2(0.2)
Restrictive lung disease 1(3.3) 7 (3.3) 0(0.0) 1(0.1)
Pneumothorax 0(0.0) 3(1.4) 0(0.0) 0(0.0)
Cardiovascular
Hypertension 6 (20.0) 26 (12.3) 2(2.3) 10 (1.2)
Pulmonary embolism/DVT 1(3.3) 14 (6.6) 0(0.0) 1(0.1)
Ischemic heart disease 3(10.0) 13 (6.1) 1(1.1) 5 (0.6)
Cardiac arrest 0(0.0) 6(2.8) 0(0.0) 0(0.0)
Heart failure 2(6.7) 5(2.4) 0(0.0) 1(0.1)
Myocarditis 1(3.3) 5(2.4) 0(0.0) 1(0.1)
Atrial fibrillation 2 (6.7) 5(2.4) 0(0.0) 0(0.0)
Cardiomyopathy 0(0.0) 2(0.9) 0(0.0) 0(0.0)
Cerebrovascular disease 0(0.0) 2 (0.9 0(0.0) 0(0.0)
Neurology
Headache 1(3.3) 12 (6.7) 3(3.4) 61(0.7)
Pain syndrome 0(0.0) 10 (4.7) 1(1.1) 1(0.1)
Sleep disorders 2 (6.7) 10 (4.7) 0(0.0) 4 (0.5)
Postviral fatigue/encepha- 0(0.0) 7 (3.3) 0(0.0) 0(0.0)
lopathy
Neuropathies 1(3.3) 3(1.4) 0(0.0) 1(0.1)
Meningitis/encephalitis 0(0.0) 2(0.9) 0(0.0) 0(0.0)
Movement disorders 0(0.0) 1(0.5) 0(0.0) 0(0.0)
Other acute central nervous 1(3.3) 15 (7.1) 1(1.1) 28 (3.3)
system signs and symptoms
Mental health
Anxiety somatoform dis- 3(10.0) 15 (7.1) 0(0.0) 9 (1.1)
orders
Depression 1(3.3) 11 (5.2) 0(0.0) 4(0.5)
Endocrine
Diabetes 1(3.3) 1 (5.2) 2(2.3) 3(0.4)
Liver
Chronic liver disease 3(10.0) 15 (7.1) 0(0.0) 1(0.1)
Renal
Acute kidney injury 7 (23.3) 32 (15.1) 0(0.0) 3(0.4)
Chronic kidney disease 2(6.7) 10 (4.7) 1(1.1) 2(0.2)
Other
Bacteremia 4 (13.3) 5(2.4) 0(0.0) 1(0.1)
DIC/coagulopathy 1(3.3) 5 (2.4) 0(0.0) 0(0.0)

Abbreviations: ARDS, acute respiratory distress syndrome; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; SARS-CoV-2, severe acute respiratory syndrome coro-

navirus 2.

visualized in Figure 2. Pulmonary diagnoses and complica-
tions were the most frequent and included viral pneumonia,
acute respiratory distress syndrome (ARDS), bacterial pneu-
monia, and pneumothorax, as well as new-onset obstructive
and restrictive lung disease. Neurological complications were
the second most frequent category, and this ranged from loss
of sense of smell and taste to postviral fatigue syndromes.
Cardiac complications made up the third most common

category and included atrial fibrillation, cardiomyopathy, and
presentations of ischemic heart disease. Renal, liver, endo-
crine, and mental health were less frequent categories but nev-
ertheless reflected a substantive breadth of extrapulmonary
complications. As visualized in Figure 2, health care encoun-
ters increased substantially after SARS-CoV-2 infection in al-
most all categories of diagnoses, and this was primarily due to
inpatient encounters.
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Figure 2. Percentage of SARS-CoV-2-positive participants with diagnoses in dif-

ferent categories in the 30 days before and after SARS-CoV-2 symptom onset in
the EPICC cohort. Abbreviations: CVD, cardiovascular disease; DPSO, Days post-
symptom onset; EPICC, observational cohort study of the epidemiology, immu-
nology, and clinical characteristics of pandemic infectious diseases; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2.

DISCUSSION

COVID-19 has imposed a burden on the health and readiness
of the US Department of Defense, with >196 000 confirmed
cases recorded as of June 2021 [9]. This prospective cohort
study offers insights into the functional and clinical outcomes
experienced by SARS-CoV-2-infected individuals, including
extrapulmonary complications and return-to-health up to 1
month, as well as correlates of COVID-19 severity contrasted
against a SARS-CoV-2-negative group in MHS beneficiaries.
The findings from this longitudinal cohort of US military
members and beneficiaries are consistent with other studies
that have found that individuals from certain racial/ethnicity
groups [10, 11] and obese individuals [12-14] are dispropor-
tionately affected by severe COVID-19. In the MHS, in which
all individuals have open access to health care and medica-
tions, Asian, Black, and Hispanic individuals had higher
odds of hospitalization when compared with non-Hispanic
White individuals after controlling for age, obesity, and other
comorbidities. This association with race was not observed
among the SARS-CoV-2-negative study participants. The
basis of the relationship between race and severe COVID-
19 has been debated [10, 11, 15-17]. Obesity has previously
been described as a risk factor for SARS-CoV-2 and other
severe respiratory infections, including influenza [18], and
these results further support the role of obesity in COVID-19
hospitalization in the MHS beneficiary population. Chronic
pulmonary disease was associated with hospitalization in both
the SARS-CoV-2-positive and -negative participants in our
cohort, and these findings align with previous publications
[19-21]. Older age was a risk factor for hospitalization in both

the SARS-CoV-2-positive and -negative groups (although
only statistically significant for the positive participants, per-
haps due to sample size limitations). We did not see differ-
ences in hospitalization between men and women.

Our study noted a spectrum of COVID-19 complications,
including those in extrapulmonary organ systems (Table 3,
Figure 2). Acute lung complications correlated with find-
ings in other studies, including ARDS, pulmonary embol,
and pneumothoraces [22-25]. As with other studies, bacterial
coinfections or secondary bacterial infections were generally
infrequent [26]. New diagnoses of restrictive and obstructive
lung disease highlight the potential for SARS-CoV-2 to be as-
sociated with longer-term pulmonary compromise, including
in young adults. Indeed, our follow-up surveys indicated that
>2% of respondents reported a need for supplemental oxygen
therapy at 28 days post-illness onset (Table 2). Additional work
is under way looking at longer-term complications associated
with SARS-CoV-2 infection.

Our findings also highlight the neurological impact of
COVID-19, with neurological diagnoses making up the second
most common category of ICD diagnoses and including a broad
range of pathologies including loss of sense of taste and smell,
encephalopathy, neuropathy, and postviral fatigue. Cardiac
complications made up the third most common category and
included arrhythmia, cardiomyopathy, and ischemic heart dis-
ease. These findings correlate with a growing body of literature
on the neurologic and cardiac sequelae of SARS-CoV-2 infec-
tion [27-29]. Despite enrolling many young, active duty partici-
pants, almost three-quarters of our study sample was unable to
perform daily activities, with 31% unable to perform their usual
activities 1 month after symptom onset. The impact of SARS-
CoV-2 on long-term heart, lung, and brain health is the current
focus of the EPICC study, and our ICD and patient-reported
outcome assessments indicate a longer-term impact of COVID-
19 that will be explored further.

This study has several strengths. Our use of EMR data en-
abled observation of acute and subacute complications of
COVID-19 infection in both pulmonary and extrapulmonary
organ systems. Longitudinal follow-up with serial surveys al-
lowed for the collection of patient-reported outcomes up to 1
month post-symptom onset. In addition, the study included a
SARS-CoV-2-negative comparator group used to distinguish
risk factors for hospitalization specific to SARS-CoV-2-positive
participants.

There are some limitations to this study. This is a heteroge-
nous convenience sample of participants enrolled at different
military sites and may not be generalizable to the broader MHS
or US population. In addition, the participants who chose to
respond to the surveys may be more likely to reflect those with
longer-term symptoms due to SARS-CoV-2 infection. Finally,
as with any EMR-based study, the sensitivity and specificity of
ICD coding are a limitation [30]. The low frequency of “viral
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pneumonia’ diagnoses (despite a substantive proportion of hos-
pitalized cases) is one example of this.

The number of SARS-CoV-2-negative participants was small,
reflecting changes in test positivity rates by time and location
over the study period, with preference for enrollment of positive
cases when staffing was a limiting factor, and it may be possible
that some of the people who tested negative for SARS-CoV-2 had
been positive but were tested too late in the illness or falsely tested
negative for another reason. The impact of this misclassification
of SARS-CoV-2 status would lead the groups to be more similar;
however, we note differences in the relationship between race and
hospitalization in that SARS-CoV-2-positive participants who
reported being Black, Asian, or Hispanic were 2.0, 6.3, and 1.9
times more likely to be hospitalized than participants who were
non-Hispanic White, and this relationship was not observed in
the SARS-CoV-2-negative participants. Similarly, obesity was
identified as a risk factor for hospitalization in the SARS-CoV-2
participants, but not in the SARS-CoV-2-negative participants.

Taken together, we show that COVID-19 has a substantial im-
pact on the short-term health of MHS beneficiaries, including
young active duty subjects. We show a range of complications
across multiple organ systems, with evidence of substantial pul-
monary compromise in some out to 1 month. These findings
stress the importance of vaccination as well as improved acute
therapeutic options and prompt further study into how such
countermeasures may mitigate the risk of longer-term disease
morbidity and functional impairment.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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